The double filtering system based on single crystal acousto-optic tunable filter (AOTF) in order to improve spectral resolution and reduce side lobe is designed and demonstrated. The effects of single filtering and double filtering on AOTF performance are analyzed. Furthermore, the proposed double filtering technology has the characteristics of high speed, strong stability, flexible tuning, narrow bandwidth and multi-wavelength selection. In this experiment, the spectral bandwidth, side lobe and diffraction efficiency of single filtering and single crystal double filtering in visible range are measured. A double optical wedge compensator is set up at the exit of the double filtering experiment system to compensate the diffracted light drift caused by chromatic aberration. In conclusion, the experimental method of double filtering based on single crystal of tellurium dioxide is better than that of single filtering in spectral resolution and side lobe suppression.
INTRODUCTION
Non-collinear acousto-optic tunable filter (AOTF) is a new type of spectroscopic device which is designed by using the principle of anomalous acousto-optic interaction [1] [2] [3] [4] [5] . Compared with traditional spectroscopic devices, AOTF based on tellurium dioxide crystals has advantages of large angular aperture, small size, strong stability, fast tuning speed and signal reception and processing. According to many previous studies, AOTF is widely used in spectral analysis, biological research and medical diagnosis [6] [7] [8] [9] [10] , etc. The main components of AOTF are tellurium dioxide (TeO2) crystals and piezoelectric transducers. TeO2 is an excellent acousto-optic crystal with high transmittance in the range of visible light. [11] [12] [13] [14] . In this case, the radio frequency drive signal corresponds to the wavelength of the diffracted light. Therefore, it is easy to change the diffraction wavelength by controlling the frequency of the radio frequency drive signal. In 2008, Jang Woo-You described an efficient doublefiltering method that used an AOTF to improve the spectral resolution and suppress the side-lobe with a monochromatic light source 15 . In 2018, Justine Champagne analyzed the bandwidth dependence of a double-pass filter and calculated the optimum frequency for the system to have the maximum efficiency 16 .
_______________________________
In this study, the double-filter technology based on single crystal acousto-optic tunable filter is addressed analytically and 
PRINCIPLE OF ACOUSTO-OPTIC INTERACTION
Tellurium dioxide (TeO2) has been widely used in the manufacture of acousto-optic tunable filters for its excellent acousto- Geometric aperture (mm2) 10x10
Driving power (W) < 1.5
, and 1 are respectively the incident optical wave vector, the diffracted wave vector and acoustic wave vector of the first acousto-optic interaction (e → o). Their vector relationship is the equation (1) : , and 1 are respectively calculated and described by the following expression:
（2）
Where the and are the refractive of incident light and diffracted light, respectively.  is the wavelength of light in vacuum and 1 is the ultrasonic frequency. The ultrasonic velocity 1 is expressed as follows:
（3）
Where =616 m/s and =2104 m/s. (5) and (6) . Spectral bandwidth is an important parameter of AOTF, which can be calculated by the following equation. It can be seen that the spectral bandwidth is related to the incident polar angle and the acousto-optic interaction distance (L).
（7）
Where the dispersion term
The diffracted efficiency of an AOTF can be expressed as follows:
（9）
Where I is the diffracted intensity, I is the incident light intensity, and 0 is the peak diffraction efficiency. Where M is acousto-optic figure of merit, and is ultrasonic driving power. Figure 2 shows the schematic diagram of the system based on single-crystal double filtering technology. MHz, 40x, (j) f=160 MHz, 40x. Experimental measurement of double filtering technology for the diffraction efficiency at the central wavelength 568.3nm.
EXPERIMENTAL SETUP AND RESULTS
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(1 and 2 are spectral bandwidth).
In the following experiments, we systematically measure the spectral bandwidth and side lobe suppression from 467 nm to 626 nm in the visible light range. The experimental results are shown in figure 6 . It is obvious from the experimental curve that in the range of measured wavelength, the spectral bandwidth of the double filtering is narrower than that of the single filtering, and the side lobe is also significantly suppressed. After calculation, the spectral bandwidth of the double filtering is 31.04 % narrower on average than that of the single filtering, and the maximum spectral bandwidth is 34.94 % compressed. Furthermore, in the range of experimental measurement, the side lobe is suppressed by double filtering technology from -9.7 dB to -20.75 dB. The side-lobe decreased from -12.63 dB to -23.15 dB at the wavelength of 605.27 nm. 
CONCLUSIONS
In summary, we have carried out a microscopic imaging experiment on thyroid carcinoma with an acousto-optic tunable filter in this paper. In order to improve the spectral resolution of the experimental system and expand the application range of acousto-optic tunable filter in the fields of biomedicine and image recognition, a double filtering experimental system based on single crystal acousto-optic tunable filter is established. The results we obtained clearly demonstrate that the resolution of double filtering is higher than that of single filtering. In addition, the side lobe is significantly suppressed, which can further improve the image quality. The experimental results show that the double filtering imaging system based on single crystal is feasible.
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